INTRODUCTION {#sec1-1}
============

Breast cancer is one of the most frequent cancer types and is responsible for the highest mortality rate among women.\[[@ref1]\] For breast cancer diagnosis the traditional triple test are physical examination, mammography, and aspiration cytology. Unfortunately, all these methods are either not adequate or require an expert to identify breast cancer in earlystages.\[[@ref2]\] The etiology of breast cancer is multifactorial. Significantly breast cancer risk factors include age, early age at menarche, late age of menopause, and late age at first pregnancy, obesity, oral contraception, hormone replacement therapy, diet, family history, lactation, and prior history of benign breast diseases.\[[@ref3]\] As estimated in 2011, 230,480 new cases of female and 2140 male cases were diagnosed to have invasive breast cancer and 57,650 additional cases of noninvasive (*in situ*) breast cancer have also been diagnosed.\[[@ref4]\] In India, the incidence of breast cancer is expected to increase by more than two-third over the next two decades to approximately 1.7 million new cases per year.\[[@ref5]\]

Chemical carcinogen such as 7,12-dimethylbenz(a)anthracene (DMBA), is commonly employed to initiate and promote neoplastic transformation on experimental animals.\[[@ref6]\] Oxidation is essential for many living organisms for the production of energy to fuel biological processes. However, oxidative stress resulting from increased free radical generation and decreased antioxidant status in the target cells and tissues play an important role in carcinogenesis.\[[@ref7]\] Even though, all organisms possess antioxidant defense and repair systems that have evolved to protect them against oxidative damage, these system are insufficient to prevent the damage entirely.\[[@ref8]\] Considerable, natural products with antioxidant activity may be used to help the human body to reduce oxidative damage. Many fruits, vegetables, herbs, cereals, sprouts, seeds, and edible mushrooms have been investigated for their antioxidant and anticancer activities.\[[@ref9]\]

In recent years, mushroom consumption has been markedly increased throughout the world and involves a variety of edible species like *Volvariella volvacea* (Fam: *Pluteaceae*, Ver: Paddy straw mushroom), *Agaricus bisporus* (Fam: *Agaricaceae*, Ver: Button mushroom), and Calocybe indica (Fam: *Tricholomataceae*, Ver: Milky mushroom) are abundant in India.\[[@ref10][@ref11]\] For thousands of years, medicinal properties of mushrooms have been well known in Eastern Asian.\[[@ref12]\] Of special interest is the implication of several mushrooms in breast cancer prevention including the popular mushrooms *Ganoderma lucidum* (Ling Zhi or Reishi) that has been widely used for the general promotion of health and longevity in Asia. Chemical investigations on the fruiting bodies, spores and mycelia of *G. lucidum* reveal that they contain various bioactive substances.\[[@ref13]\] These bioactive compounds belong to the group of polysaccharides and antioxidants, which protect the body against free radicals that damage body cells to induce diseases and cancers.\[[@ref14]\]

Xenobiotic metabolizing enzymes expressed in the breast may be "activating" (metabolizing substrates to more reactive species) or "detoxifying" (reducing the DNA reactivity of genotoxic species and increasing their excretion). Some enzymes may possess activating and detoxification roles, depending on the substrate.\[[@ref15]\] However, *G. lucidum* has demonstrated to possess a great ability to produce ligninolytic enzymes, mainly laccases\[[@ref16]\] and some studies have explored its capability to degrade xenobiotics, including dyes.\[[@ref17]\] A crucial development in the evaluation of breast Carcinoma has been the realization that the presence of hormone (estrogen and progesterone) receptors in the tumor tissue correlates well with response to hormone therapy and chemotherapy.\[[@ref18]\] The possible mechanism of action of phytoestrogens against breast cancer prevention and concluded that the mechanism of phytoestrogens action in breast cancer have yet to be elucidated due to the dual (chemopreventive and adverse effect) role of the phytoestrogen.\[[@ref19]\] However, the previous study elucidated that *G. lucidum* contain biologically active compound with specificity against estrogen receptor (ER) and NF-κB signaling inhibits proliferation of human breast cancer cells.\[[@ref20]\]

Thus the present study investigated the effect of *G. lucidum* fruiting bodies ethanolic extract of by monitoring the tumor incidence and volume as well as body mass index, biochemical status like (nonenzymatic antioxidants, phase I and phase II detoxification enzymes) during DMBA-induced mammary carcinogenesis. Furthermore, biological materials from them can be used for further histopathological and immunohistochemical studies, techniques that could possibly indentify the mechanisms and some indicators of malignancy and clinical prognosis.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

7,12-dimethylbenz(a)anthracene, Nitrobluetetrazolium (NBT), Phenazinemethosulphate (PMS), Nicotinamide adenine dinucleotide phosphate (NADPH), 5,5′-dithio-bis-nitrobenzoicacid (DTNB) were purchased from Sigma chemical Pvt. Ltd., Bangalore, India. All other chemical reagents used in this experiment were analytical grade.

Animals {#sec2-2}
-------

Six weeks old, female *Sprague dawley* rats, weighing approximately 130--150g were obtained from National Institute of Nutrition, Hyderabad and maintained in the Central Animal House, Rajah Muthiah Medical College and Hospital, Annamalai University. All the rats were acclimatized for a week under standard husbandry conditions. The rats were housed in polypropylene cages (45 × 24 × 15cm), maintained at room temperature (27 ± 2°C), in 12 h light/12 h dark conditions. The animals were fed on a standard pellet diet (Amrut Laboratory Animal Feed, Mysore Feed Limited, Bangalore, India) and water *ad libitum* was available to the animals throughout the experimental period and replenished daily. The standard pellet diet comprised of 21% protein, 5% lipids, 4% crude fiber, 8% ash, 1% calcium, 0.6% phosphorous, 3.4% glucose, 2% vitamin, and 55% nitrogen free extract (carbohydrate) and it provides metabolisable energy of 3600 Kcal/kg.

Animal handling and experimental procedure were approved by the Institutional Animal Ethical Committee of Rajah Muthiah Medical College (Reg.No:160/1999, Proposal number: 775 CPCSEA), and the experiments were performed in accordance with the "Guide for the case and use of laboratory animal" (NIH, 1985) and committee for the purpose of control and supervision on experimental animals (CPCSEA).

Induction of mammary carcinogenesis {#sec2-3}
-----------------------------------

Mammary carcinogenesis was induced in *Sprague Dawley* rats using a single subcutaneous injection of 25 mg of DMBA in 1 mL emulsion of sunflower oil (0.5 mL) and physiological saline (0.5 mL) to each rat.\[[@ref21]\]

Material {#sec2-4}
--------

*Ganoderma lucidum* mushrooms were collected in and around areas of Meghamalai, Theni district, Tamil Nadu. The Plant was taxonomically identified and authenticated by Dr. V. Venkatesalu, Associate professor, Department of Botany, Annamalai University. A voucher specimen (No: 208) was deposited at the Herbarium of Botany, Department of Botany, Annamalai University.

Ethanolic extraction {#sec2-5}
--------------------

The fresh fruiting bodies of *G. lucidum* were dried in shade conditions and the dried materials were pulverized in a blender to get coarse powder. For *G. lucidum* fruiting bodies ethanolic extraction, the coarse powder material of (500 g) was extracted by stirring with 1000 mL of 95% ethanol at 30°C for 24h at 150 rpm and filtering through Whatman No. 1 filter paper. The residue was then extracted with two additional 100 mL portions of ethanol as described above. The ethanolic supernatant was evaporated at 40°C under reduced pressure and controlled temperature (40--50°C). The ethanolic extracts were redissolved in ethanol for the antioxidant activity.\[[@ref22]\] A dark semisolid material (yield 19g) obtained was stored at 0-4°C until use. A known amount of the residual extracts were suspended in distilled water and was orally administrated to the animals by gastric intubation.

Experimental design {#sec2-6}
-------------------

In the experiment, rats were randomized and divided into four groups of six animals each, which are shown in [Figure 1](#F1){ref-type="fig"}. The mode of administration for all groups was through gastric intubation. At the end of the experimental period (16 weeks), all the rats were kept overnight fast and anesthetized using ketamine chloride (24mg/kg body weight) by intramuscular injection and sacrificed by cervical decapitation between 8.00 am to 10.00 am. Blood was collected in clean dry test tubes with few drops of heparin and plasma obtained was used for various biochemical estimations. Tissues such as liver and mammary tissues were removed, cleared off blood, and immediately transferred to ice-cold containers containing 0.9% NaCl. The tissues were homogenized in an appropriated buffer and used for the estimation of various biochemical parameters.

![Schematic representation of experimental protocol](PM-9-167-g001){#F1}

Histopathological examination {#sec2-7}
-----------------------------

For histopathological study, three rats from each group were perfused with physiological saline, followed by formaline (10% formaldehyde). The mammary tissues were excised immediately and fixed in 10% formalin. The mammary tissues were sliced and embedded in paraffin wax, 3--5 μm thick sections were cut in a rotary microtome and were stained with hematoxylin and eosin. The specimens were evaluated with a light microscope. All histopathological changes were examined by the pathologist.

Immunohistochemical study {#sec2-8}
-------------------------

Paraffin embedded tissue section were dewaxed and rehydrated through graded ethanol to distilled water. Endogenous peroxidase was blocked by incubation with 3% H~2~O~2~ in methanol for 10min. The antigen retrieval was achieved by microwave in citrate buffer solution (2.1g citric acid/LD.H~2~O; 0.37g EDTA/LD. H~2~O; 0.2g Trypsin) (pH 6.0) for 10min, followed by washingwith Tris-buffered saline (TBS) (8g Nacl; 0.605g Tris) (pH 7.6). The tissues section was then incubated with power Block^TM^ reagent (Biogenex, San Ramon, CA, USA). Universal proteinaceous blocking reagent were incubated for 15min at room temperature to block nonspecific binding sites. The tissues sections were then incubated with the respective primary antibody (rabbit monoclonal antibodies) (Dako, Netherland) overnight at 4°C for ER. The bounded primary antibody was detected by incubated with (mouse polyclonal antibody) (BioGenex, San Ramon, CA, USA) the secondary antibody conjugated with horseradish peroxidase (BioGenex, San Ramon, CA, USA) for 30min each at room temperature. After rising with TBS, the antigen-antibody complex was detected using 3,3′-diamminobenzidine (Sigma, USA). When accepted color intensity was reached, the slides were washed, counter stained with hematoxylin, and covered with a mounting medium.

For negative control, the primary antibody was replaced with TBS. Positive control for each antibody was also processed simultaneously. The percentage positive tumor expressing these proteins was graded as follows: 3+= strong staining, more than 50% of cells were stained; 1+= week staining, between 5% and 25% of cells were stained; 0 = negative, less than 5% of cell staining.

Biochemical estimations {#sec2-9}
-----------------------

Lipid peroxidation was estimated as evidenced by the formation of thiobarbituric acid reactive substances (TBARS). TBARS in plasma liver and tissues was assayed by the method of Niehaus and Samuelson.\[[@ref23]\] The activities of reduced glutathione (GSH), Vitamin C and Vitamin E in plasma, liver, and mammary tissues was determined by the methods of Ellman′s method,\[[@ref24]\] Roe and Kuether *et al*.\[[@ref25]\] and Baker *et al*.\[[@ref26]\] respectively. The activity of DT-diophorase (DTD) was determined by the method of Ernster *et al*.\[[@ref27]\] Cytochrome P~450~ was assayed by the method of Omura and Sato.\[[@ref28]\]

Tumor volume {#sec2-10}
------------

Tumor volume was measured as described by Escrich *et al*.\[[@ref29]\] V=4/3π (d1/2) × (d2/2)^2^, where d1 and d2 are the two diameter of the tumor (d1\>d2). At killing, the volume of each tumor calculated using its three diameters wasV=4/3π (d1/2)×(d2/2)×(d3/3);(d1\>d2\>d3)

Statistical analysis {#sec2-11}
--------------------

Statistical analysis was performed using SPSS software package (South wacker drive, Chicago) version 11.5. The values were analyzed by one way analysis of variance (ANOVA) followed by Duncan′s Multiple Range Test (DMRT). All these results were expressed as mean ± SD for six rats in each group: *P*-values \<0.05 were considered as significant.

RESULTS {#sec1-3}
=======

[Figure 2](#F2){ref-type="fig"} shows the body weight changes during initial and final stage of experiment. The body weights were found to be significantly reduced in DMBA treated tumor bearing animals. Whereas, oral administration of GLEet (500 mg/kg body weight) showed significant (*P* \< 0.05) increases in the body weight. No significant changes in body weight were observed in control and GLEet alone treated groups of rats.

![Effect of GLEet on the changes of body weight of control and experimental rats. Group I: Control, Group II: DMBA, Group III: DMBA + GLEet, Group IV: Control + GLEetalone. Values are expressed as mean ± SD for six animals in each group. Values not sharing a common superscript differ significantly at *P* \< 0.05 (DMRT)](PM-9-167-g002){#F2}

The carcinogenic parameter like tumor incidence and tumor volume was observed and is shown in [Table 1](#T1){ref-type="table"}. The period of time from carcinogen administration to the palpable detection of tumor was recorded. The study demonstrated 100% tumor incidence in DMBA group. The tumor volume was increased in both the groups DMBA and DMBA + GLEet during the induction period. But oral administration of the GLEet in DMBA-induced tumor bearing rats, showed there was a significant (*P* \< 0.05) decreases in the tumor incidence to 66% and decreased tumor volume when compared with DMBA group rats.

###### 

Incidence of mammary tumor in control and experimental rats in each group

![](PM-9-167-g003)

[Figure 3a--c](#F3){ref-type="fig"} show the morphological appearance in DMBA and DMBA + GLEet treated rats. [Figure 4](#F4){ref-type="fig"} shows the histopathological features in control, DMBA, DMBA + GLEet, and GLEet alone. The immunohistochemical expression of hormone receptor status in mammary carcinoma of *Sprague dawley* rats were shown in [Figure 5](#F5){ref-type="fig"}. In DMBA administration rats, the expression of ER was significantly higher compared with control animals. Whereas, oral supplementation of GLEet to tumor bearing rats showed down regulated expression of ER status. Administration of GLEet alone also showed mild expression of ER.

![a, b and c Show the morphological appearance of DMBA and DMBA + GLEet treated rats. (a) The morphological appearance of the mammary adenocarcinoma in DMBA treated female *Sprague dawley* rats and (b) The morphological appearance of the mammary adenocarcinoma in DMBA + GLEet treated female *Sprague dawley* rats. (c) Tumor size of DMBA and DMBA +GLEet treated rats](PM-9-167-g004){#F3}

![(a) Group I: Control showing normal structure. (b) Group II: DMBA showing pleomorphic with increased mitotic activity of adenocarcinoma. (c) Group III: DMBA + GLEet showing ductal hyperplasia. (d) Group IV: Control + GLEet alone showing normal structure (H and E, ×40)](PM-9-167-g005){#F4}

![(a) Group I: Control showing mild expression. (b) Group II: DMBA showing overexpression.(c) Group III: DMBA + GLEet showing down regulation. (d) Group IV: Control + GLEet showing mild expression (H and E, ×40)](PM-9-167-g006){#F5}

[Figure 6](#F6){ref-type="fig"} shows the level of TBARS in plasma, breast and liver tissues of various experimental groups. In plasma, breast and liver of DMBA group cancer bearing rats show a significant increase in TBARS levels when compared with control group rats. However, the level of TBARS was decreased significantly (*P* \< 0.05) in DMBA +GLEet rats when compared with DMBA group rats. No significant changes were found in control and GLEet alone group rats.

![Effects of GLEet on lipid peroxidation in Plasma, mammary and liver tissues of control and experimental rats. Plasma (mM/dL), mammary and liver tissues (mM/100g wet tissue). Group I: Control, Group II: DMBA, Group III: DMBA + GLEet extract, Group IV: Control + GLEet alone. Values are expressed as mean ± SD for six animals in each group. Values not sharing a common superscript differ significantly at *P* \< 0.05 (DMRT)](PM-9-167-g007){#F6}

The activities of nonenzymatic antioxidants like GSH, Vitamin C and Vitamin E in plasma, breast and liver tissues of control and experimental animals are depicted in [Table 2](#T2){ref-type="table"}. DMBA group cancer bearing rats showed a significant reduction in nonenzymatic antioxidant levels when compared with control group rats. Oral administration of GLEet in DMBA-induced tumor bearing rats shows significantly (*P* \< 0.05) increased the antioxidant levels when compared with DMBA group rats. No significant changes were found in control and *G. lucidum* alone group of rats.

###### 

Effect of *G. lucidum* extract on non-enzymatic antioxidants in control and experimental animals

![](PM-9-167-g008)

[Table 3](#T3){ref-type="table"} shows the activities of phase II detoxification enzymes in liver tissues were significantly decreased whereas the activities of phase I enzymes were increased in DMBA group rats as compared with control rats. Oral administration of GLEet to DMBA-induced tumor bearing rats shows significantly (*P* \< 0.05) restore the status of above said biochemical parameter to near normal. No significant changes were observed in control and GLEet alone group of rats. Whereas, the level of breast tissues activities of phase I enzymes were significantly increased and phase II detoxification enzymes were decreased in DMBA group rats as compared with control group of rats. Oral administration of GLEet to DMBA + GLEet treated rats shows significantly (*P* \< 0.05) decreased the activities of phase I and increased the activities of phase II detoxification enzyme. No significant changes were observed in control and GLEet alone group of rats.

###### 

Effects of *G. lucidum* on Phase I and Phase II detoxification agents in Liver and Breast tissues of control and experimental rats in each group

![](PM-9-167-g009)

DISCUSSION {#sec1-4}
==========

Many recent studies explore the potential of naturally occurring antioxidants in cancer prevention and their possible use in intervention trials for the prevention of cancer in humans. In the present investigation, we studied the antioxidant and anticancer effect of GLEet on DMBA-induced rat mammary carcinogenesis. The body weight of the animals was recorded from the day of tumor induction until the completion of the experimental period. In tumor bearing rats, there were notable reductions in body weight, which might be due to cancer cachexia. The syndrome of cachexia is characterized by the features of anorexia and early statiety, weight loss and marked muscle weakness, anemia of nonspecific type, and altered host metabolism.\[[@ref30]\] The weight loss is due to depletion of both adipose tissues and skeletal muscle mass; while the nonmuscle protein compartment is relatively preserved, thus distinguishing cachexia from simple starvation.\[[@ref31]\] In addition, muscle loss occurs due to increased amount of alanine originating from muscle degradation and utilization for gluconeogenesis.\[[@ref32]\] Whereas, oral administration of GLEet showed a gradual increased in body weight, which could be due to the presence of bioactive compounds like polysaccharides, triterpenoids, alkaloid, and proteins (include glycoprotein) which mediate these favorable changes due to their antioxidant, antiperoxidative, and antiinflammatory properties.\[[@ref33]\]

Moreover, *G. lucidum* effectively decreased tumor volume, size, and burden which might be due to the inhibitory action of the drug on tumor growth in rats. *G. lucidum* also has shown its protective effect in tumor cell lines like human breast cancer MCF-7.\[[@ref34]\] Other studies also reported that triterpene-enriched extracts from *G. lucidum* inhibit the growth of cancer cells through suppressing protein kinase C, activating mitogen-activated protein kinase and G2- phase cell cycle arrest which might be leads to apoptosis.\[[@ref35]\]

Reactive oxygen species (ROS)-mediated biomembrane lipid peroxidation is regarded as one of the basic mechanisms of cell and tissue damage. The TBARS was measured by lipid peroxidation process. Lipids, especially polyunsaturated fatty acids (PUFA) are very susceptible to free radical attack, which can initiate lipid peroxidation.\[[@ref36]\] High level of ROS has been reported to damage many biomolecules and exert diverse cellular and changes in gene expression that leads to initiation and promotion of carcinogenesis.\[[@ref37]\] Plasma TBARS serve as an index to assess the extent of tissue damage. We observed that elevated TBARS levels in breast cancer rat can be related to overproduction and diffusion of free radicals from the damaged tumor tissues when compared with control rats. But, oral supplementation of GLEet to DMBA-induced rats decreased the status of TBARS to near normal range. This protective effect is probably based on the antioxidant activity of the extract which reduces the oxidative damage by blocking the production of free radicals and inhibits lipid peroxidation. In line with our findings, Joseph *et al*. reported that *G. lucidum* inhibits the progress of lipid peroxidation, which was induced by Fe^2+^ ascorbate in rat.\[[@ref38]\]

Nonenzymatic antioxidants form the second line of defense mechanism to scavenge excessively generated ROS in the system. The evidence for increased action of oxidants in breast cancer is the increase in the level of oxidative damage and decreased in antioxidant status.\[[@ref39]\] The antioxidants, such as GSH, vitamin C and vitamin E, play an excellent role in protecting the cells from oxidative damage.

GSH is an important nonprotein cellular thiol which in conjugation with GPx and GST, play a significant role in protecting cells against cytotoxic and carcinogeneicchemicals.\[[@ref40]\] GSH serves as a marker for evaluation of oxidative stress and it act as an antioxidant at both intracellular and extracellular levels.\[[@ref41]\] In our study, the concentration of GSH was significantly reduced in cancer-bearing animals, which was in constituentwith other reports.\[[@ref42]\] The reduced levels may due to the changes in their intracellular GSH levels and consequently these could be reflected in their antioxidant machineries.\[[@ref43]\] The reduced form of GSH therefore becomes readily oxidized to Glutathione disulfide (GSSG) on interacting with free radicals.\[[@ref44]\]

Antioxidants other than GSH may also play a key role in preventing lipid peroxidation under experimental conditions. Vitamin C and vitamin E are naturally occurring free radical scavengers.\[[@ref45]\] Vitamin C (ascorbic acid) is an important H~2~O soluble antioxidant in biological fluids and an essential micronutrient required for normal metabolic functioning of the body. It is shown to react directly with superoxide, hydroxyl radicals, and singlet oxygen.\[[@ref45]--[@ref48]\] Vitamin C undergoes synergistic interactions with tocopheroxyl radical in the regeneration of α-tocopherol.\[[@ref49]\] Decreased levels of water-soluble antioxidant in cancer-bearing animals may be due to the utilization of antioxidants to scavenge free radicals. Vitamin E, the major lipid soluble antioxidant present in all cellular membranes, acts as a powerful terminator of lipid peroxidation.\[[@ref50]\] Vitamin E is a potent oxygen radical scavenger that protects cell membranes from oxidative damage initiated by carcinogens.\[[@ref51]\] The free radical clearing capacity of vitamin E is due to the localization of an unpaired electron on its conjugated double bond. Decreased levels of vitamin E were observed in plasma and tissues of DMBA rats, which may be due to reduced concentration of vitamin C and GSH levels which can result in reduced conversion of α-tocopheroxyl radical to α-tocopherol. Our results were corroborating with previous reports.\[[@ref52]\]

Oral administration of GLEet with DMBA significantly increased the antioxidant status in plasma and tissues by quenching and detoxifying the free radicals. This potent antioxidant property of the extract is mainly due to the presence of high content of polysaccharides, polysaccharides peptide complexes triterpenoids, nucleosides, β-glucans, and lectins, which could have significantly attenuated the lipid peroxidation activity and resulted in increased antioxidant levels. A recent report has stated that *G. lucidum* acts as an effective antioxidant against degenerative diseases caused by oxidative stress,\[[@ref53][@ref38]\] this result strongly lends credence to our study.

The critical events in the initiation of carcinogenesis, is the conversion of DMBA into reactive oxygen species (epoxide) by an array of Xenobiotic metabolizing enzymes. Cytochrome P~450~ and cytochrome b~5~ are the key enzymes responsible for the metabolic activation and the carcinogenic potential of DMBA. DTD is an inducible enzyme that may protect the cell from oxidative damage by preventing oxyradical formation from one-electron reduction from quinines and subsequent formation of superoxide radicals via dismutation of the semiquinone.\[[@ref54]\] GSH transferases usually associated with the phase II biotransformation of xenobiotics. They may products cellular proteins against oxidation through the glutathione redox cycle and also directly detoxify reactive oxygen species and neutralize reactive intermediates generated from exposure to xenobiotics including chemical carcinogens.\[[@ref55]\] Mathivathani *et al*. reported that increased phase I and decreased phase II detoxification enzyme in the liver and mammary tissues of DMBA treated rats.\[[@ref56]\] Similarly, our results were also in line with these finding. But oral administration of GLEet altered the changes of the tissue to near normal which might have either inhibited the metabolic activation of DMBA or stimulated the activation of detoxification against to excrete the active metabolites of DMBA, dihydodiolepoxide. In line with our findings, Gao *et al* reported that *G. lucidum* extract modulates the expression of hepatic phase I and phase II enzymes, which showed promising efficacy and well tolerated for the management of various hepatic injuries.\[[@ref57]\]

Histopathological examination of mammary tissues in DMBA-induced mammary carcinoma rats showed the pleomorphic with increased mitotic activity of adenocarcinoma. Whereas, GLEet treatment in tumor bearing rat show regression in tumor with ductal glands were seen. Administration of GLEet alone did not show any changes when compared with control breast tissues. Immunohistochemical examination of DMBA-induced mammary carcinoma rats showed and higher level of ER expression. Oral administration of GLEet in tumor bearing rats showed down regulated expression of ER status. Similarly, Jianga *et al*. also reported that *G. lucidum* down-regulates the expression of ERα, inhibits estrogen-inducible ER transactivation and inhibits TNF-α stimulated activation of NF-κB in MCF-7 cells.\[[@ref20]\]

CONCLUSION {#sec1-5}
==========

On the basis of our results on biochemical, histopathological, and immunohistochemical expressions studies have demonstrated that *G. lucidum* extract showed potent chemopreventive effects against DMBA-induced mammary cancer. Owing to the presence of the phytochemicals such as polysaccharides and triterpenes are responsible for the preventive action of *G. lucidum*. Therefore, dietary consumption of *G. lucidum* might be used as a potent chemopreventive agent for mammary cancer prevention. Further pharmacological and biochemical investigations are underway to find out the active constituents that are responsible for the chemopreventive activity and to elucidate its mechanism of action against various cancers.
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